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Several early reports attribute to mast cells the
ability to synthesize melanin pigment, but this
view has been emphatically denied by a number
of subsequent investigators (1). More recently, it
has been suggested that mast cells not only elabo-
rate melanin under certain conditions, but also
function in normal hair growth cycles by releasing
a chromogen which is incorporated into follicular
melanocytes and subsequently transformed into
melanin pigment (2). In the present study an
attempt has been made to clarify the relationship
of mast cells and melanocytes, first, by studying
their distribution and morphology in the skin of
mice of several different genotypes and, second,
by examining under experimental conditions the
growth and pigmentation of hair both in the
presence and absence of tissue mast cells.
Materials and Methods
Biopsy specimens of skin were obtained from
the dorsum and ear pinnae of mice of the geno-
types listed in Table I. The tissues were either
fixed in a modified Tellyesniczky's solution for
paraffin sections or in absolute alcohol for prep-
aration as whole-mounts. Routine histological
procedures were employed throughout, the tis-
sues being dehydrated in a graded series of alco-
hol, cleared in xylol, and either embedded in
paraffin or mounted directly. To demonstrate
mast cells, both sectioned (7 ,) and whole speci-
mens (3) of skin were stained in a solution con-
sisting of 0.1% toluidine blue in 50% ethyl
alcohol. In some cases, before staining with tolui-
dine blue, skin samples were tested for melanin-
forming ability after the dihydroxyphenylalanine
(dopa) method of Becker (4). All specimens were
examined to determine the morphology, eyto-
plasmic granulation, and distribution of both
mast cells and melanoeytes.
In order to study the growth and pigmentation
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of hair in the absence of local tissue mast cells,
the mast cells were disrupted by injection of dis-
tilled water (5). Two dorsal areas on each of eight
mice with hair in the non-growing (telogen) phase
were injected intradermally with 0.05 to 0.1 cc of
distilled water. A new hair growth cycle was in-
duced by plucking of the telogen hairs (6) just
before injection with distilled water or from 1 to 7
days after injection. A number of control areas
were plucked but otherwise left untreated. Mice
were sacrificed 1, 4, 7, 14 days after plucking and
biopsy specimens of skin were removed from
the plucked regions, fixed in absolute alcohol,
stained with toluidine blue, cleared and pre-
pared as whole-mounts.
Results
Numerous melanocytes and mast cells were ob-
served in the whole-mount preparations of ear
skin, which proved superior to sectioned material
for comparisons of cell morphology. In ear skin,
mast cells were typically round to spindle-shaped
regardless of genotype, whereas melanocytes were
either round, spindle-shaped, or dendritic cle-
pending on the genotype (Table I). The melano-
cytes of "diluted" (dd) mice (DBA, Dilute Black
and Dilute, Hairless strains) were round to
spindle-shaped (ef. 7). They were similar to the
tissue mast cells in gross morphology (Table I,
Fig. 1). In "non-diluted" (DD) mice, the melano-
cytes were dendritic and quite distinct from the
surrounding mast cells (Fig. 1D). Mast cell
granules stained metachromatically with tolui-
dine blue and were a deep purple in coloration.
Melanin granules of brown mice stained a light to
dark green with toluidine blue whereas those of
black mice appeared black with a green cast. In
all cases, melanin granules were distinguishable
from the metaehromatically stained mast cell
granules. No cells containing both metachromatie
granules and melanin granules were observed in
the ear pinnae. In dopa-treated preparations of
ear skin an intense darkening of epidermal and
certain dermal melanoeytes was observed. The
dendritie nature of melanoeytes in DD mice was
strikingly evident in the dopa-treated tissues. In
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all cases, the melanocytes remained quite dis-
tinct from the mast cells, which failed to react
with dopa and retained the ability to stain meta-
chromatically with toluidine blue.
In the body skin, melanocytes for the most part
were restricted to the hair follicles. Numerous
mast cells, occasional melanocytes, and clumps of
pigment were observed between the hair follicles.
Pigment was especially evident in the skin of
hairless and naked mice and apparently was de-
rived from abnormal hair follicles undergoing
disintegration with release of melanin granules
into the dermis and adipose layer (cf. 8). Cells
containing both metachromatic granules and pig-
ment granules were observed but rarely.
Almost a complete local disappearance of mast
cells was found by 24 hours in skin injected with
distilled water. Little to no debris from disrupted
mast cells was evident at this time. In biopsy
specimens of skin taken as late as 14 days after
injection mast cells were still absent in the treated
areas. In each case, hair growth continued in a
normal fashion in the absence of local tissue mast
cells. No definite alteration of pigment granule
formation or deposition could be observed within
the hair follicles. In areas of skin entirely devoid
of mast cells, melanocytes were evident between
the normally pigmented growing hair follicles.
Occasionally, a retardation of hair growth was
found at the immediate site of injection, pre-
sumably due to injury produced by the intra-
dermal injection of distilled water. In such cases,
TABLE I
Morphology of Mast Cells and Melanocytes
of the Ear Skin of Mice
Melan-
ocytes
0
n
-++-
FIG. 1. Camera lucida drawings of mast cells
and melanocytes from whole-mount preparations
of ear skin (ca. 1300 X). A—Round to spindle-
shaped mast cells of dilute, hairless (aabbddhrhr)
mouse. B—Round to spindle-shaped melanocytes
of dilute, hairless (aabbddhrhr) mouse. C—Spindle-
shaped melanocyte of dilute black (aaBBddHrHr)
mouse. D—Dendritic melanocyte of non-dilute
(AABBDDHrHr) mouse. Dopa preparation.
disruption of some hair follicles with release of
pigment was observed in the injured areas of
skin. However, except for changes in the direc-
tion of slope of the hair follicles, hair growth pro-
ceeded normally in the adjacent regions of skin
free of mast cells.
Discussion
The present results indicate that normal pig-
mentation of growing hair is independent of the
presence or absence of adjacent tissue mast cells.
Although mast cells are readily destroyed by dis-
tilled water, melanocytes are apparently little
affected by such treatment and continue to
elaborate melanin pigment in the absence of
demonstrable mast cells. These observations do
not support the suggestion (2) that the pigment
of the growing hair follicle is derived from the
granules of the tissue mast cells.
— In the present study, rio evidence was found to
indicate that the large cytoplasmic granules of
+ the tissue mast cell become pigmented, a trans-formation which has been said to occur regularly
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in naked and crinkled mice and occasionally in
mice with normal hair development (2). In none
of the genotypes studied, including those with
abnormal hair development (naked, crinkled, and
hairless) did we find mast cells which were aber-
rant with respect to morphology or to staining
reactions with toluidine blue. The previous in-
terpretation of mast cell transformation (2) may
possibly be accounted for in one of two ways.
First, the naked and crinkled mice used may have
contained dilution factor (dd); no mention was
made of this, however. The dilution condition is
characterized by melanocytes which are round to
spindle-shaped (7) and generally indistinguish-
able from mast cells except on the basis of stain-
ing properties. Second, "intermediate" cells that
contained both mast cell granules and pigment
granules may have been in reality phagocytes, a
possibility which does not appear to have been
considered in the previous work (2). Fibroblasts
(9, 10) and macrophages (10) that engulf the
granules of disrupted mast cells are similar to
mast cells in general appearance. Phagocytic
foreign-body giant cells containing both meta-
chromatic granules and pigment granules have
been found in the skin of hairless mice (11).
Several additional lines of evidence suggest a
basic distinction and independence between mast
cells and melanocytes. First, electronmicrographs
of thin sections through mast cell granules reveal
a fine internal structure of a reticular to lamellar
nature (12, 13). Melanin granules observed under
the electron microscope have been demonstrated
to be essentially homogeneous and lacking in in-
ternal structure (14, 15). Second, recent studies
indicate that normal secretion by mast cells is
merocrine in nature and does not involve the re-
lease of intact mast cell granules (16); this obser-
vation argues against a role of mast cells in
melanogenesis through contributions of chromo-
genie granules to melanocytes situated within hair
follicles. Finally, the bulk of experimental evi-
dence indicates that melanin-forming ability is
restricted to cells derived from the embryonic
neural crest, i.e., the melanocytes (17). Mast cells
are considered to be mesenchymal in origin being
derived from cells of the connective tissue (1).
Consequently, except for the general similarity
in gross morphology of mast cells and inelano-
cytes in diluted (dd) genotypes of mice, it would
appear that they are unrelated and that mast cells
neither elaborate melanin pigment nor contribute
to the melanogenic activity of melanocytes situ-
ated within hair follicles.
Summary
Mast cells and melanocytos in the skin of a
variety of genotypes of mice were studied. In
diluted (dd) mice, mast cells and melanocytes
were similar in morphology (round to spindle-
shaped), an observation which may account for
the "melanotic" mast cells described previously.
In non-diluted (DD) mice, mast cells were round
to spindle-shaped whereas melanocytes were
dendritic. No cells intermediate between mast
cells and melanocytes were observed. In skin in-
jected with distilled water almost complete local
mast cell destruction was observed by 24 hours.
The growth and pigmentation of hair occurred in
normal fashion in the complete absence of local
tissue mast cells. Contrary to previous reports,
it is concluded that mast cells neither elaborate
melanin pigment nor contribute to the melano-
genic activity of melanocytes within hair follicles.
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